SCOPE
N MANY CASES composite materials offer a substantial improvement over metals in application to structures under cyclic loading. However, the response of composites to fatigue is different from that of metals. Metals usually exhibit one failure mode (cracking), while composites may exhibit a combination of complex failure modes. Some of these failure modes are fiber breakage, delamination, matrix cracking, and fiber-matrix debonding. This combination of failure modes has contributed to the complexity of predicting the fatigue characteristics of fiber-reinforced composites and has inspired a large number of fatigue investigations on composites. Recent review papers by Boller [1] and Salkind [2] [3] on glass/epoxy, Stinchcomb, et al., [4] on boron/epoxy and boron/aluminum, andPipes,et al., [5, 6] on boron/epoxy. All of the above cited investigations were conducted on flat coupon-type specimens.
The amount of fatigue data on tubular specimens is quite limited. Lucas and Sainsbury-Carter [7] , Nevadunsky, et al., [8] and Salkind [9] have conducted fatigue tests on tubular specimens under axial tension only. The only known biaxial fatigue testing on tubular specimens has been conducted at SwRI. [10] After the tubes were fabricated and trimmed to size, they were tabbed inside and outside at either end for insertion into a hydraulic grip system. The tubes had a finished length of 25.4 cm; 6.4-cm long tabs were placed at either end, leaving about 12.7 cm of gage length. The tabs were cast, using a neat resin (Epon 815). Details are provided in the full report [12] Figure 4 . Regression analysis constants were calculated for these data points, as given below, although the small number of test specimens casts some doubt on the validity of the results. Ten tubes were then tested with an axial: torsion ratio 1:1; eight in fatigue and two for residual strength. Little scatter was noted in S-N data for this mode, as can be seen in the plot shown as Figure 6 . These results are similar to the biaxial axial: torsion ratio 2:1 results. The constants were found in this case to be The final biaxial loading ratio was axial: torsion = 1 :2, for which 11 tests were run. Nine fatigue tests and two residual strength tests were conducted; one fatigue test survived 105 cycles. Results are plotted in Figure 7 ; there is somewhatmore scatter in these data than was present for the first two biaxial loading modes. Fatigue lives could not be predicted with enough accuracy to space S-N points evenly across the S-N diagram. Regression constants for this mode were found to be: Because specimens were tested in load control, damage at failure was extensive; specimens were usually torn into two pieces. This [ 14, 15] and Sims and Brogdon [ 16] . In both of these previous works, the use 
